I n orthodontics and dentistry in general, we are frequently working on studies where groups of patients are followed over time with the aim to record the occurrence of an event. Subjects may enter a study at various times and be followed until (1) the event of interest occurs, (2) the study is completed (end of followup time), or (3) they are lost to follow-up. The analysis of this kind of study is based on incidence rates, or more simply, rates (l). Rate is the total number of events per person per unit of time (ie, person-time) and reflects the probability that a subject will experience the event of interest at a prespecified time. 1 Rate l 5 total number of ðnewÞ events total person-time at risk
The unit of rate is the number of events per persontime; depending on what is more sensible for interpretation purposes, time can be measured in months, years, and so on, and persons can be counted per 100 or 1000. For example, if the number of implant failures is on average 20 in a population of 100 persons over a 2-year period, then In other words, for every 100 persons followed over a 1-year period, we are expecting 10 implant failures, or 20 implant failures over a 2-year period.
Rates should not be confused with risks. The rate is essentially the number of events to the total observation period contributed by all subjects, whereas risk shows the number of events to the total number of participants at risk at the beginning of the observation period.
The Figure shows the follow-up times of 4 subjects entering a study at different time intervals. Solid dots indicate occurrence of the event. The participants contribute different follow-up times to the study and may or may not experience the event. The total follow-up time for the 4 participants is 1 1 3 1 3 1 6 5 13 months, and the rate l 5 3/13 5 0.23 events per person-months.
In previous articles and examples, we have examined interventions or exposures that are fixed over time and throughout the study period. Some examples are sex and intervention A or B (ie, conventional or self-ligating brackets). However, when a patient enters a study and is followed over a period of time, it is important to account for time-changing variables such as age, especially for long-term follow-ups. Imagine a person who enters a study at age 20 and is followed for 30 years and apparently becomes 30 years older. The risk of having an implant failure, for example, might be much greater in older age groups; for this reason, it is important to consider such time-changing variables. The method that splits the individual follow-up times into specific individual ranges of intervals is called Lexis expansion. 2 Lexis expansion assumes that the true rate for the cohort is constant in each band of the timechanging variables (eg, age-band). Using this data manipulation allows us to examine the effect of variables that change over time.
We will now present how to account for timechanging variables through an example regarding implant failure rates across age (time since birth as the time scale). For the sake of simplicity, we say that each patient received only 1 implant. First, we need to define the follow-up period, the dates of entry and exit, and the outcome (ie, implant failure). Table I shows that there were 30 implant failures in 120 patients. The total follow-up time was 1970.1 years; the first patient entered the study at the age of 40.5 years, and the latest age at exit was 82.4 years.
The estimated overall rate for implant failure in this cohort of subjects is l 5 15.2 per 1000 person-years (95% CI, 10.6, 21.8).
Taking into account the large follow-up time of the study and to estimate age-specific rates, we need to consider that people get older as the follow-up time increases. This is done with Lexis expansion, which splits the observed individual follow-up times into intervals corresponding to age groups. Table II illustrates an example of a patient where follow-up age-specific intervals can be observed. We can see, for example, that the patient with identification number 5467 did not experience implant failure during the entire follow-up period. We have 3 recordings corresponding to the age-specific intervals, and the outcome of interest was not observed (measured 1 time; ie, event 5 0). Age represents age at entry to the study.
We can now calculate the age-specific rates with 95% confidence intervals for implant failure (Table III) . For example, considering age band 60 to 70, we can see that the rate of implant failure is 11/0.77 5 14.30 with 95% confidence intervals of 7.91 and 25.82.
We can see that the rates increase with increasing age; however, caution should be exercised when interpreting rates in the older age bands because the number of patients is small, and the 95% confidence interval is wide. In the next article, we will discuss how to analyze data from studies that use rates as the measure of occurrence. 
